Introduction Iodine deficiency in pregnancy may impair foetal neurological development. The UK population is generally thought to be iodine sufficient; however, recent studies have questioned this assumption. Our study aimed to explore the prevalence of iodine deficiency in a cohort of pregnant mothers from South-West England. Methods Urine samples were obtained from 308 women participating in a study of breech presentation in late pregnancy. They had no known thyroid disease and a singleton pregnancy at 36-38 weeks' gestation. Samples were analysed for urinary iodine concentrations (UIC). Baseline data included age, parity, smoking status, ethnicity, body mass index (BMI) at booking, prenatal vitamin use and a dietary questionnaire. There was no difference in median UIC between women with (n = 156) or without (n = 152) a breech presentation (P = 0Á3), so subsequent analyses were carried out as a combined group. Results Participants had a mean (SD) age 31(5) years, median (IQR) BMI 24Á4 (22Á0, 28Á3) kg/m 2 ; 42% were primiparous,
Introduction
Iodine is important for thyroid hormone synthesis. It is well established that severe iodine deficiency can cause maternal and foetal hypothyroidism leading to impaired foetal neurological development. 1, 2 Recently, it has been shown that even mild-tomoderate iodine deficiency in pregnancy is associated with poor cognitive development in offspring, including decreased IQ. 3, 4 The World Health Organization (WHO) recommends analysis of urinary iodine concentration (UIC) on spot urine samples for assessment of iodine of status of a population. 5 In the general population, iodine sufficiency is defined by a median UIC of 100 lg/l or above. Iodine requirement increases during pregnancy and lactation, and the WHO recommends the optimum median UIC as 150-249 lg/l in these populations. 5 The UK population was generally thought to be iodine sufficient; however, recent studies have questioned this assumption. A systematic survey of school girls aged between 14 and 15 years from nine centres across the UK showed mild iodine deficiency. 6 Although this survey focussed on prepregnant young women, the finding has raised the suspicion that many pregnant women in the UK are iodine deficient and at high risk of associated adverse effects. Indeed, a number of recent studies of pregnant women from different parts of the UK have supported this hypothesis. 3, [7] [8] [9] [10] However, all these studies are limited by inclusion of pregnant women from localized regions of the country, and the extent of iodine deficiency amongst pregnant women across the UK needs further exploration. Therefore, our study aimed to investigate the iodine status in a cohort of pregnant mothers from South-West England.
Materials and methods

Participants
Participants were recruited during routine antenatal care at the Royal Devon and Exeter Hospital (RD&E), a secondary care hospital in the south-west of England serving a population of about 450 000. Blood and random spot urine samples were obtained from 308 women (156 with breech and 152 with cephalic presentation) participating in a study of breech presentation in late pregnancy. 11 They had no known thyroid disease, were not on any drugs which may affect thyroid function and had a singleton pregnancy at 36-38 weeks' gestation. A subgroup of 197 participants (all recruited after the first 111 participants) was asked to complete a simple dietary questionnaire at the time of recruitment, similar to that used in previous studies to assess dietary iodine consumption. 6, 12 Baseline data obtained included age, parity, smoking status, ethnicity, body mass index (BMI) at booking, prenatal vitamin use and iodine content of the vitamin. The study was approved by the National Research Ethics Service (NRES) Committee South West -Exeter, and all participants gave informed written consent.
Sample analysis
Urine samples were analysed for UIC using ion chromatography-mass spectrometry at the Iodine Research Laboratory (Boston University, Boston, Massachusetts). 13 The interassay coefficient of variation for this assay was 3Á1%. Blood samples were analysed by the RD&E Blood Sciences department for serum thyroid-stimulating hormone (TSH), free thyroxine (FT4) and thyroid peroxidase antibodies (TPO-Ab) using the electrochemiluminescent immunoassay, run on the Modular E170 Analyser (Roche, Burgess Hill, UK). Intra-assay coefficients of variations were <5Á3% for both TSH and FT4. The manufacturer's population reference ranges were TSH 0Á35-4Á5 mIU/l and FT4 11-24 pmol/l. Serum TPO-Ab titre above 34 IU/l was considered positive.
Statistical analysis
We assessed variables for normal distribution and log transformed where appropriate. Where this did not result in a normal distribution, these data are presented as median (IQR). As there was no difference median UIC between women with or without a breech presentation (P = 0Á3), subsequent analyses were carried out as a combined group. Correlations between two variables were assessed, and results presented as Pearson coefficients. Differences between dietary item categories were assessed by the nonparametric Kruskal-Wallis test. To account for multiple testing, Bonferroni correction was applied to dietary questionnaire data P values. Statistical analysis was undertaken using SPPS (vs. 20, IBM Corp, NY, USA) with P < 0Á05 deemed as statistically significant.
Results
Baseline characteristics
Baseline clinical characteristics and thyroid function of participants are shown in Table 1 . Of the 308 participants, 96% were Caucasian, of which 131 (43%) reported taking prenatal vitamins. Of these, 23 (18%) women were on vitamins without iodine content; 104 (79%) women were taking vitamins with 140-150 lg iodine per daily dose, 2 (1Á5%) 200 lg iodine per daily dose and 2 (1Á5%) 50 lg iodine per daily dose.
Urinary iodine concentration
The median UIC in our cohort was 88 lg/l (IQR 54Á3-157Á5). Only 17Á6% women had UIC within the optimal range of 150-249 lg/l; 73% had UIC below 150 lg/l, while 1Á9% had UIC 500 lg/l or higher (Fig. 1) .
There was no correlation between UIC and maternal age (P = 0Á8), BMI at booking (P = 0Á2), gestation at recruitment (P = 0Á3) or TPO-Ab titres (P = 0Á3).
There was no difference in UIC between women who reported taking iodine-containing vitamins and those who did not (Table 2) . Of the six women with UIC above 500 lg/l, only one woman was taking an iodine-containing vitamin (140-150 lg per tablet). Parity, ethnicity, smoking status or season at the time of sample collection had no impact on the results ( Table 2) .
Impact of dietary habits on urinary iodine concentration
From the 197 (64Á3%) participants who completed a dietary questionnaire, increasing milk intake was associated with higher UIC (P = 0Á021; Table 3 ).
Urinary iodine concentration and maternal thyroid function
There was no correlation between UIC and maternal serum TSH (P = 0Á6) or FT4 (P = 0Á1).
Discussion
Our study has identified that iodine deficiency is common amongst pregnant women in South-West England, with less than one in five mothers having urinary iodine concentrations (UIC) within the optimum range as recommended by the WHO. These findings are consistent with recent studies in pregnant women from other regions of the UK. 3, [7] [8] [9] [10] Together, these observations provide strong evidence that iodine deficiency is highly prevalent in pregnant women across the UK, potentially affecting neurocognitive development in thousands of children annually. 3, 4 In the UK, currently there is no systematic nationwide iodine fortification programme to tackle iodine deficiency in the general population. Due to an increased demand of iodine during gestation, pregnant mothers are particularly at high risk of iodine deficiency. Improving dietary iodine intake is an important means to prevent this. Consistent with findings of previous studies from the UK 6,9,10 and other countries, 12 we found a positive correlation between UIC and increasing milk consumption. We were unable to demonstrate associations between UIC and other dietary habits. However, we only used a simple questionnaire to gain a snapshot of dietary habits and did not perform a detailed dietary assessment (e.g. the type of fish eaten or the quantities). Nevertheless, making dietary education and advice widely available to pregnant women and women planning pregnancy is a sensible strategy to prevent iodine deficiency amongst pregnant women in the UK.
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A recent systematic review has shown that iodine supplementation during pregnancy in mild-to-moderate iodine deficiency is associated with improvement in maternal thyroid function as well as reduction in maternal thyroid volume even though evidence from randomized controlled trials to show that this also improves offspring's cognitive development is still lacking. 14 However, potential health and economic benefits of iodine supplementation in pregnant women living in mild-to-moderate iodine deficient countries outweigh potential harms. [15] [16] [17] There is no national guidance on the use of iodine supplement in pregnancy in the UK; however, several national and international authorities [18] [19] [20] recommend between 150 and 200 lg of iodine supplement daily for pregnant and lactating women living in mild-to-moderate iodine deficient countries to meet the WHO guidelines. In our study, only 35% of pregnant women reported taking iodine-containing prenatal vitamins. This is in keeping with the previous study from South-East England, 9 which found similar percentage (43%) of pregnant women taking iodine-containing vitamins. In contrast to Bath et al., 9 who showed an increased UIC amongst pregnant mothers taking iodine-containing prenatal vitamins, we found no difference in median UIC in pregnant women taking or not taking iodine-containing prenatal vitamins. This may be a result of the known variability of iodine content of prenatal vitamins available in the UK 9 and that the actual iodine content in brand prenatal vitamins can be different from the values shown on their labels. 21 It may also reflect a lack of compliance in actually taking the iodine-containing vitamins as we were reliant on self-reported consumption. Studies from other European countries have also found that gestational iodine-containing multivitamin use is inadequate to ensure iodine sufficiency in pregnancy, 22, 23 suggesting iodine supplementation should commence before conception. We have no information on the use of iodine supplement in the preconception period in our cohort. We found no association between UIC and maternal serum TSH or FT4, consistent with findings of previous studies. 24, 25 Iodine deficiency is associated with raised serum thyroglobulin and serum triiodothyronine-to-thyroxine ratio. 1 However, we did not measure serum thyroglobulin or triiodothyronine concentrations in our study.
We acknowledge several further limitations of the study. Firstly, we analysed median UIC on a one-off spot urine sample to assess iodine status in our pregnant women. Spot urinary iodine concentration can be affected by the day-to-day variation in iodine intake and hydration status of the individual. Urinary iodine creatinine ratio can be used to reduce the variation due to hydration status. However, it is well established that, where there is large number of samples obtained, variations due to day-to-day iodine intake and hydration status even out, and median UIC in spot samples correlates well with the median urinary iodine excretion rate obtained from 24-h collections and creatinine-corrected urinary iodine excretion rates. 26 The interchangeability of median UIC in spot samples and 24-h urinary iodine excretion rate has recently been challenged with the suggestion that results of urinary iodine concentration obtained from adults differ from those obtained in school-aged children as the latter produce less daily urine volume. This may have an impact on the cut-off points of median UIC for defining iodine deficiency in adult populations, and they may in fact be lower than those currently recommended. 26 Secondly, our samples were taken at one time point only (third trimester). While iodine deficiency in early pregnancy has a greater impact on foetal brain development, an adequate iodine supply is essential throughout pregnancy for optimal maternal and foetal thyroid function. Lastly, our study is limited to the data from one area of South-West England; nonetheless, these data are consistent with other studies from different parts of the UK and highlight the extent of iodine deficiency in pregnancy in the UK.
In conclusion, we have identified iodine deficiency to be common in pregnant women in the south-west of England. Our study, together with recent studies from other parts of the UK, confirms that iodine deficiency is highly prevalent in pregnant population in the UK predisposing to adverse outcomes associated with mild-moderate iodine deficiency. Measures to develop optimum nationwide prevention and treatment strategies are urgently needed.
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